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Introduction: The generation of creative visual imagery contributes to technological and 14 
scientific innovation, and production of visual art. The underlying cognitive and neural 15 
processes are however poorly understood. Methods: This review synthesises functional 16 
neuroimaging studies of visual creativity. Seven functional magnetic resonance imaging 17 
(fMRI) and 19 electroencephalography (EEG) studies were included, comprising 27 18 
experiments and around 800 participants. Results: Activation likelihood estimation meta-19 
analysis of the fMRI studies comparing visual creativity to non-rest control tasks yielded 20 
significant clusters in thalamus, left fusiform gyrus, and right middle and inferior frontal gyri. 21 
The EEG studies revealed a tendency for decreased alpha power during visual creativity 22 
compared to baseline, but comparisons of visual creativity to non-rest control tasks revealed 23 
inconsistent findings. Conclusions: The findings are consistent with suggested contributions 24 
to visual creativity of prefrontally-mediated inhibition, evaluation and working memory, as 25 
well as visual imagery processes. Findings are discussed in relation to prominent theories of 26 
the neural basis of creativity.  27 
 28 
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1. Introduction 33 
Creative ideation, the generation of novel and useful ideas (Runco and Jaeger, 2012; Stein, 34 
1953) is critical to the advancement of scientific and technological innovation, and to artistic, 35 
musical and literary endeavours (e.g., Dietrich and Kanso, 2010; Fink et al., 2009). Its 36 
adaptive value in enabling responses to novel, infrequent events has also been noted (Jung, 37 
2014). Visual creativity refers to the generation of novel and useful mental visual imagery, 38 
which may lead to production of novel and useful visual forms (e.g., sketches, paintings). 39 
(Aziz-Zadeh, 2013; Dake, 1991; Runco and Chand, 2012). According to Runco and Chand‘s 40 
(2012) standard definition of creativity, ‗useful‘ refers to outputs that are effective or valuable 41 
in accordance with the task demands – as such, this definition can encompass tasks 42 
emphasising the functionality, aesthetics or originality of solutions (e.g., Ellamil et al., 2012; 43 
Petsche, 1996). In design, visual creativity is a key component in the generation of mental 44 
images and sketches of novel and functional products (Fish and Scrivener, 1990), while in an 45 
artistic context, the aesthetics of visual creative solutions are highlighted, visual creativity has 46 
significant cultural importance (Damasio, 2001).Visual creativity contrasts with non-visual 47 
creativity, where novel and useful outputs in verbal, literary or musical domains are produced 48 
(e.g., Boccia et al., 2015). Despite this distinction, creative visual imagery is thought to be a 49 
component process of creative ideation generally, including non-visual creativity(e.g., 50 
Abraham, 2013; Abraham & Windmann, 2007; Finke, 1996; 2014).  51 
Despite the contribution of visual creativity to innovation in many domains, the underlying 52 
cognitive and neural processes remain poorly specified. An understanding of these processes 53 
may inform future studies evaluating training of the appropriate cognitive skills, or 54 




neurofeedback interventions encouraging processes associated with successful visual 55 
creativity (e.g., Gruzelier, 2014). This is particularly important in populations in which visual 56 
creativity is of professional, social or recreational value.  57 
Cognitive models of creativity propose that creative ideation involves retrieval of semantic 58 
associations and their conceptual combination (Abraham, 2014; Benedek and Neubauer, 59 
2013; Boden, 2004; Mednick, 1962; Mumford et al., 2012), as well as executive functions 60 
including inhibition of irrelevant responses (Benedek et al., 2014; Oberauer et al., 2008), and 61 
response evaluation (Mumford et al., 2012; Sowden et al., 2015). Independent contributions 62 
of associative and executive abilities have been supported in behavioural investigations of 63 
divergent thinking (Beaty et al., 2014; Benedek and Neubauer, 2013). Proposed contributions 64 
of visual imagery to creativity have been supported by findings of positive associations 65 
between visual imagery ability and visual and verbal creative ability (Finke, 1996; González 66 
et al., 1997; Kozhevnikov et al., 2013; see LeBoutillier and Marks, 2003 for meta-analysis; 67 
Palmiero et al., 2011; cf. Antonietti et al., 1997).  68 
Semantic memory retrieval, visual imagery, inhibition and evaluation are involved in 69 
many distinct tasks, not just in visual creativity. This highlights the need for careful selection 70 
of well-matched control tasks in neuroimaging investigations of this ability. Control tasks 71 
involving similar or overlapping processes to visual creative tasks facilitate examination of 72 
the brain regions and cognitive processes that may be engaged to a relatively greater degree 73 
in tasks drawing on visual creativity (Abraham, 2014). Visual creativity is thought to differ 74 
from non-visual creativity (e.g., generation of verbal or musical creative outputs), and visual 75 
non-creative tasks (e.g., generation of mental imagery from memory) in that visual image 76 




generation, manipulation and evaluation are engaged to a greater extent (Finke, 1996; Gansler 77 
et al., 2011; Kozhevnikov et al., 2013; Palmiero et al., 2015). Based on previous 78 
neuroimaging studies of visual imagery therefore, visual creativity may engage regions linked 79 
to these functions, including early visual cortex, fusiform, V5/MT, posterior parietal cortex 80 
and bilateral inferior frontal cortex (Kosslyn and Thompson, 2003; Mazard et al., 2004; see 81 
Tomasino and Gremese, 2015 for meta-analysis). As imagery is proposed to contribute to 82 
visual creativity in combination with semantic associative and executive processes, visual 83 
creativity may be expected to engage regions associated with visual representation of 84 
semantic concepts (e.g., left fusiform, Kan et al., 2003), and top-down modulation of visual 85 
regions involved in imagery (e.g., frontal operculum; Stokes et al., 2009). 86 
Cognitive contributions to visual creativity are likely to differ according to the specific 87 
task focus (Nusbaum & Silvia, 2011; Palmiero et al., 2011, 2015). Instructions to generate 88 
functional, original or aesthetic ideas may elicit greater evaluation compared to tasks that do 89 
not specify the desired nature of generated solutions (Nusbaum and Silvia, 2011). Functional 90 
tasks include design tasks in which practical solutions must be generated in response to a 91 
specified problem or need. Generating visual solutions to such problems may in turn engage 92 
relatively greater manipulation of visual imagery of existing products (Oxman, 2002), 93 
inhibition of irrelevant ideas, planning and evaluation, compared to tasks where solutions are 94 
not required to be functional or realistic (Cross, 2001). Emphasising the originality of 95 
generated solutions may engage combination of semantically distant concepts via semantic 96 
retrieval (Grabner et al., 2007; Nusbaum and Silvia, 2011). 97 




Prominent existing accounts of the neural basis of creativity include those emphasising the 98 
contribution of increases (e.g., Fink and Benedek, 2014) or, conversely, decreases (Jausovec 99 
and Jausovec, 2000) in electroencephalography (EEG) alpha power. Others have proposed a 100 
role of right hemispheric dominance in creativity (e.g., Mihov et al., 2010), particularly visual 101 
creativity (Aziz-Zadeh et al., 2013; Mendez, 2004; Miller et al., 1998, 2000; Seeley et al., 102 
2008; Shamay-Tsoory et al., 2011). Goel‘s (2014) related Frontal Lobe Lateralisation 103 
Hypothesis posits that the right PFC maintains ill-structured representations that facilitate 104 
idea generation in open-ended visual design problems. Functional neuroimaging evidence for 105 
a critical role of alpha power or the right hemisphere in visual creativity has not however 106 
been formally synthesised.  107 
Meta-analyses of functional magnetic resonance imaging (fMRI) studies of creativity have 108 
reported that overlapping regions of bilateral PFC and occipito-temporal cortex contribute to 109 
creativity across multiple domains, e.g., musical, verbal, and visual (Boccia et al., 2015; 110 
Gonen-Yaacovi et al., 2013), but have also hinted at domain-specific neural contributions to 111 
these types of creativity (Boccia et al., 2015). Given this apparent domain-specificity, and the 112 
importance of visual creativity, it is of value to examine the neural basis of visual creativity 113 
as distinct from other forms of creativity. Previous reviews have however tended to collapse 114 
across visual and verbal divergent thinking, or visual art and musical improvisation (Dietrich 115 
and Kanso, 2010; Gonen-Yaacovi et al., 2013; Wu et al., 2015). 116 
The present review aimed to establish whether a common neural basis of visual creativity 117 
emerges when synthesising studies examining neural activity associated with this creative 118 
modality only, and only studies examining active generation of visual creative ideas (Section 119 




2.1.). Unlike previous fMRI meta-analyses (Boccia et al., 2015; Gonen-Yaacovi et al., 2013; 120 
Wu et al., 2015), studies employing any neuroimaging technique were included.  121 
The neural basis of visual creativity was assessed using Activation Likelihood Estimation 122 
(ALE) meta-analysis of fMRI studies, in addition to qualitative synthesis of findings from 123 
this and other neuroimaging modalities. We also evaluated support for existing accounts of 124 
cognitive and neural contributions to creativity, including right hemispheric dominance, PFC 125 
involvement, and the role of alpha power. A further aim was to expand on previous reviews 126 
by assessing evidence for a) effects of participants‘ visual creative ability on the neural or 127 
electrophysiological correlates of visual creativity and b) differences in the neural basis of 128 
visual creativity according to whether tasks emphasised the functionality, aesthetics, or 129 
originality of generated visual solutions (Dietrich and Kanso, 2010; Gonen-Yaacovi et al., 130 
2013). 131 
2. Methods 132 
2.1. Search strategy 133 
This systematic review and ALE meta-analysis followed PRISMA guidelines (Liberati et al., 134 
2009), and synthesised studies recording neural activity during active generation of visual-135 
based creative (i.e., novel and useful) ideas (Runco and Jaeger, 2012). Tasks involving only 136 
passive viewing of visual creative forms, or their retrieval from memory were not included. 137 
Convergent thinking, problem solving or insight tasks, which typically have a single, fixed 138 
solution, can engage creative thinking (Abraham, 2013). Divergent thinking or open-ended 139 
tasks with multiple possible solutions however typically provide a closer approximation to 140 




the creativity involved in visual design, art and innovation (e.g., Ellamil et al., 2012; 141 
Kowatari et al., 2009), and also meet standard definitions of creativity (Runco and Jaeger, 142 
2012). Consequently, this review focussed on functional neuroimaging studies employing 143 





 March 2015 in Web of Science (1864-2015), EMBASE (1947-2015), 145 
PsycINFO (1940-2015), PubMed (1950-2015), ScienceDirect (1823-2015) and Compendex 146 
(1884-2015). Search terms included ―creativity‖, ―ideation‖, ―ill-structured‖, ―divergent 147 
thinking‖, ―idea generation‖ (including variants of these terms), co-occurring with one or 148 
more neuroimaging terms: ―functional (neuro)imaging", ―PET/positron emission 149 
tomography", ―functional magnetic resonance imaging/functional MRI/fMRI", 150 
―electroencephalography/EEG‖, ―event-related potential/ERP‖, 151 
―magnetoencephalography/MEG‖, and/or "functional near infrared spectroscopy/FNIR‖. 152 
Further searches including the terms ―electrocorticography/ECoG‖, ―multi-unit 153 
activity/MUA‖ did not yield any additional relevant results. Update searches were conducted 154 
in May and June 2015 and March 2016. 155 
The article selection procedure is summarised in Figure 1. Using the above search terms, 156 
3489 records were identified, and 46 were identified through reference lists of relevant 157 
studies. Following deduplication and screening for inclusion criteria (see Table 1), twenty-six 158 
articles, comprising 27 experiments, were included in the review, of which six fMRI studies  159 
< Figure 1 about here > 160 
< Table 1 about here > 161 




were included in the ALE meta-analysis. No limitations were placed on the date of 162 
publication. 163 
  164 
2.2. Quality assessment 165 
Included experiments were rated according to quality assessment criteria adapted from 166 
Whiting et al.‘s (2003) QUADAS quality assessment tool: a) clear description of participant 167 
selection criteria and demographics; b) visual creativity task compared against a non-rest/-168 
fixation control task (hereafter, ‗control task‘); c) sufficient detail on task procedure for 169 
reproducibility; d) sufficient detail on the neuroimaging procedure and outcome measures for 170 
reproducibility; e) sufficient information on analyses and results for reproducibility; f) 171 
conclusions justified based on analyses, e.g., appropriate multiple comparisons corrections; g) 172 
no substantial confounds between groups/conditions. Criterion b) was selected as 173 
comparisons against a constrained non-rest control task that elicits overlapping processes are 174 
thought to better facilitate isolation of processes that are unique to the task of interest than an 175 
unconstrained rest/fixation condition (Abraham, 2014; Lazar, 2008). For each experiment, a 176 
score of 0 (criterion not met) or 1 (criterion met) was assigned for each criterion, and the 177 
percentage of criteria met was calculated. Scores are summarised in Table S1. 178 
 179 




2.3. Meta-analysis strategy 180 
2.3.1. Selection of voxels 181 
Of the seven fMRI studies meeting inclusion criteria (see Figure 1 and Section 2.1.), the 182 
six (Aziz-Zadeh et al., 2013; Ellamil et al., 2012; Gilbert et al., 2010; Huang et al., 2013; 183 
Park et al., 2015; Saggar et al., 2015) which reported 3D coordinates of peaks showing 184 
greater activity during visual creativity compared with a non-rest control task were included 185 
in the ALE meta-analysis. These reported 77 foci in seven contrasts (see Table 2 for tasks), 186 
involving 150 participants. 187 
 188 
2.3.2. Activation likelihood estimation (ALE) 189 
A coordinate-based ALE meta-analysis was conducted using Brainmap GingerALE 2.3 190 
(http://www.brainmap.org/ale). ALE meta-analysis uses peak coordinates from published 191 
studies to calculate brain regions in which the convergence across studies is greater than 192 
expected by chance if the included foci were independently distributed (Eickhoff et al., 2009; 193 
2012). Each included activation focus is modelled as the centre of a 3D Gaussian distribution, 194 
the Full Width at Half Maximum of which is determined by the study‘s sample size (Eickhoff 195 
et al., 2009). Modelled Activation (MA) maps are calculated by computing the maximum 196 
across the Gaussian distribution of each focus (Turkeltaub et al., 2012). The ALE map 197 
resulting from combining the MA maps is then compared against an ALE null distribution 198 
map. A random effects model was employed (Eickhoff et al., 2009), and significance 199 
thresholds on the ALE scores were set via cluster-level inference (Eickhoff et al., 2012),. A 200 




cluster-level threshold of p<.05 and cluster-forming threshold of p<.001 were used to set the 201 
minimum cluster volume at 192 mm
3
, via 1000 permutations. The smaller, more conservative 202 
mask size was selected.  203 
The meta-analysis was conducted in MNI space. In GingerALE 2.3, anatomical labels 204 
were assigned to ALE peaks which surpassed the voxel and cluster-level thresholds using the 205 
Talairach Daemon, after transformation of significant coordinates using icbm2tal (Lancaster 206 
et al., 2007).  207 
3. Results 208 
Included studies comprised seven fMRI and 19 EEG experiments. No NIRS, MEG, ERP 209 
or PET studies met inclusion criteria. Information on participants, creative and control tasks; 210 
analyses and results are summarised in Table 2 for fMRI studies, and Table 4 for EEG 211 
studies.  212 
 213 
3.1. Study characteristics  214 
Of the 26 reviewed articles, ten have to our knowledge not been included in previous 215 
systematic reviews or meta-analyses. The 26 articles comprised 27 experiments and around 216 
800 participants - this is approximate as the studies of Bechtereva and Nagornova (2007) and 217 
Nagornova (2007); of Petsche (1996) and Petsche et al. (1997); and of Volf et al. (2010a) and 218 
Volf and Tarasova (2010), were conducted using overlapping samples, without stating 219 
numbers of participants included in both. Mean sample size was 27 (SD = 13) for fMRI 220 




studies, and 38 (SD = 13) for EEG studies. Participants were aged around 17–60 years 221 
(approximate as age not always reported). The most common visual creativity task was the 222 
Torrance Test of Creative Thinking - Incomplete Figures (TTCT-IF; Torrance, 1974) or 223 
variants of this task, used in 11/27 experiments (41%). In this task, part of Torrance‘s (1974) 224 
standardised battery of verbal and non-verbal creative thinking tasks, participants mentally 225 
generate a complete image from a presented fragment of a drawing. Measures of fluency 226 
(number of ideas) and originality (statistical infrequency of ideas) are typically recorded. The 227 
next most common task, employed in six experiments (22%), involved generating images by 228 
mentally combining presented shapes. Studies differed in whether idea generation and 229 
externalisation (via sketching/verbalisation) occurred in the same (e.g., Park et al., 2015; 230 
Saggar et al., 2015) or distinct (e.g., Volf et al., 2010a) phases. Tasks included those in which 231 
solutions must fulfil a specified function (25.9%), those emphasising the originality/fluency 232 
of solutions (51.9%; these are combined as typically task instructions emphasised both 233 
criteria, e.g., ‗generate as many original solutions as possible‘); those emphasising the 234 
aesthetics of solutions (7.4%), and tasks giving no instructions as to the desired 235 
characteristics of solutions (14.8%). On average, studies satisfied 67% of quality criteria (SD 236 
= 21; range 14–100%; Table S1). Quality scores did not differ between fMRI (M = 76%, SD 237 
= 14) and EEG (M = 64%, SD = 23) studies (t(25) = 1.21, p = .24).  238 
 239 




3.2. fMRI studies 240 
3.2.1. fMRI study characteristics 241 
The participants, procedure and main findings of the reviewed fMRI studies are 242 
summarised in Table 2. Two studies employed the TTCT-IF, with instructions emphasising 243 
the originality of generated solutions, although Huang et al. (2013) compared activity during 244 
efforts to generate unique solutions against activity during generation of any appropriate 245 
solutions; while Park et al. (2015) compared activity during simultaneous generation and 246 
sketching of solutions against activity during line tracing. Four studies employed tasks 247 
emphasising a specific function of generated solutions. Of these, three were visual design 248 
tasks - designing and sketching book covers (Ellamil et al., 2012), generating pen designs 249 
(Kowatari et al., 2009) and an ill-defined room layout task (Gilbert et al., 2010). In the study 250 
by Saggar et al. (2015), participants were asked to draw visual representations of presented 251 
words (e.g., ‗graduate‘, ‗snore‘).  252 
In the final study (Aziz-Zadeh et al, 2013), the desired features of visual solutions were not 253 
emphasised, and brain activity was recorded from architects while they mentally combined 254 
three presented shapes to create an image. Activity during this task was compared with 255 
activity during a mental rotation task. 256 
< Table 2 about here > 257 
 258 




3.2.2. ALE meta-analysis findings 259 
Six fMRI studies (Aziz-Zadeh et al., 2013; Ellamil et al., 2012; Gilbert et al., 2010; Huang 260 
et al., 2013; Park et al., 2015; Saggar et al., 2015), including 77 foci from 7 contrasts were 261 
included in the ALE meta-analysis (Section 2.3.). All foci were associated with greater 262 
activity during visual creativity compared to control conditions. An additional study 263 
(Kowatari et al., 2009) met inclusion criteria but as no differences were found between visual 264 
creativity and control tasks in experienced or novice designers, no foci were included in the 265 
meta-analysis. Three included studies employed tasks emphasising the function of solutions, 266 
two emphasised originality/fluency, and one had no clear focus – the numbers of studies in 267 
each of these categories were insufficient for analysis of effects of task focus. The meta-268 
analysis revealed seven clusters that surpassed the significance threshold (see Section 2.3. for 269 
thresholding and analysis). Results are summarised in Table 3 and significant clusters are 270 
displayed in Figure 2. Regions showing significant ALE activity included thalamocortical 271 
nucleus, right middle and inferior frontal gyri, cingulate gyrus and left fusiform gyrus.  272 
For each significant ALE cluster, only two studies from a subset of three (Ellamil et al., 273 
2012; Park et al., 2015; Saggar et al., 2015) contributed foci which fell within the cluster 274 
boundaries. This meets the previously suggested quality criterion of a contribution of 33% of 275 
included studies for reporting ALE maxima (Brooks et al., 2012; van der Laan et al., 2011), 276 
and further foci from other studies which were outwith the cluster boundaries may still have 277 
contributed to their significance (Brooks et al., 2012). However, due to the possibility that 278 
only a minority of studies contributed to the meta-analysis findings, a qualitative synthesis of 279 
fMRI findings is reported below.  280 




< Table 3 about here > 281 
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 283 
3.2.3 Qualitative synthesis 284 
Evidence of greater occipito-temporal engagement during visual creativity compared to 285 
control tasks was reported in five of the seven fMRI studies, with activation peaks observed 286 
in right middle occipital gyrus (MOG) (Ellamil et al., 2012; Huang et al., 2013; Park et al., 287 
2015), left MOG (Ellamil et al., 2012), bilateral inferior temporal gyri (Park et al., 2015) and 288 
left lateral occipital cortex (Aziz-Zadeh et al., 2013; Saggar et al., 2015).  289 
Two studies reported greater medial temporal lobe activity during visual creativity 290 
compared to control tasks. Ellamil et al. (2012) reported greater hippocampal and 291 
parahippocampal activity during generation compared to evaluation of visual book cover 292 
designs, and Park et al. (2015) reported greater right parahippocampal activity during 293 
generation and sketching of TTCT-IF solutions compared to line tracing. Studies that 294 
involved simultaneous sketching and idea generation reported recruitment of left insular 295 
cortex, bilateral cerebellum and thalamus (Park et al., 2015; Saggar et al., 2015). 296 
Regions of left PFC, including superior frontal gyrus (SFG), inferior frontal gyrus 297 
(IFG) (Aziz-Zadeh et al., 2013), middle frontal gyrus (MFG) (Park et al., 2015; Saggar et al., 298 
2015) and premotor cortex (Aziz-Zadeh et al., 2013; Ellamil et al., 2012) were reported in 299 
five of seven studies to show greater activity during visual creativity compared to control 300 




tasks, and Huang et al. (2013) reported that left MFG and IFG were more active during 301 
generation of original compared to standard responses. Saggar et al. (2015) found that left 302 
MFG and IFG activity increased along with increases in subjective ratings of task difficulty, 303 
while activity in a left dorsolateral PFC (DLPFC) cluster was positively associated with 304 
independent ratings of how well drawings met task demands.  305 
Fewer studies reported right PFC (3/7) compared to left PFC engagement (5/7), but the 306 
meta-analysis findings are indicative of greater between-study consistency in the localisation 307 
of right PFC regions. Two studies assessed the lateralisation of PFC contributions to visual 308 
creativity. Kowatari et al. (2009) reported greater activity during pen design in right 309 
compared to left PFC and parietal regions of interest (ROIs) (subregions and Brodmann 310 
Areas not reported) in art and design students (‗experts‘), but not in novices. The extent of 311 
right over left PFC dominance correlated with ratings of the originality of pen designs, 312 
interpreted as facilitation of visual creativity in experts via heightened right PFC activity. 313 
However as Kowatari et al. (2009) in fact observed no significant differences in activity at the 314 
whole-brain level between the design and control task, nor between experts and novices, their 315 
findings do not speak directly to the activity supporting visual creativity – the greater right 316 
PFC activity in experts may be a global effect which is not specific to visual creativity. 317 
Furthermore, the authors did not test the Hemisphere*Group interaction which would be 318 
necessary to support right hemispheric dominance in experts only.  319 
Huang et al. (2013) reported greater activity in left compared to right medial PFC (mPFC) 320 
ROIs under instructions to produce original solutions, while the opposite pattern emerged 321 




while producing standard solutions. A left over right inhibitory mechanism was proposed, but 322 
again the relevant Hemisphere*Task interaction was not assessed.  323 
 324 
3.3. EEG studies 325 
3.3.1. EEG study characteristics 326 
Nineteen EEG studies comprising 20 experiments were reviewed. The main findings are 327 
summarised in Table 4. Most experiments (60%) employed tasks emphasising the originality 328 
and/or fluency of solutions, including the TTCT-IF or similar variants, or mental combination 329 
of shapes to form original images. In two studies (Bhattacharya and Petsche, 2005; Petsche et 330 
al., 1997 Experiment 1) participants generated aesthetically pleasing images, while in three 331 
studies, participants generated functional solutions, e.g., generating a novel visual 332 
intelligence test (Jaarsveld et al., 2015) or a visual representation of an abstract concept 333 
(Petsche, 1996; Petsche et al., 1997 - Experiment 3) 334 
Most experiments employed measures of EEG power (25%), coherence (35%) or both 335 
(35%). EEG power refers to the amplitude of a particular frequency band, while coherence, 336 
or phase synchrony, instead reflects functional cooperation between cortical regions. These 337 
measures were most often recorded for the lower (~8-10 Hz) and upper (~10-14 Hz) alpha 338 
bands (e.g., Jausovec, 2000; Petsche et al., 1997). Several studies reported effects in the delta 339 
(< 4 Hz), theta (4-7 Hz), beta (14-31 Hz) and gamma bands (> 31 Hz).  340 
< Table 4 about here > 341 




Studies varied substantially in the control tasks employed, and the focus of key contrasts. 342 
Several compared activity during visual creativity to a verbal creativity or verbal and/or 343 
visual control task, often involving memory or convergent thinking (e.g., Jausovec, 2000; 344 
Nagnornova, 2007). Many however simply compared electrophysiological activity during 345 
visual creativity against a baseline fixation/rest condition (e.g., Bhattacharya and Petsche, 346 
2005; Jausovec and Jausovec, 2000; Kozhedub et al., 2007). Eight studies compared activity 347 
between individuals of high and lower creativity and six  compared generation of original vs. 348 
standard creative images. 349 
There were insufficient experiments employing functional or aesthetic task foci for direct 350 
comparison with studies emphasising originality/fluency of solutions, but no clear differences 351 
in qualitative findings emerged when examining tasks focussing on originality/fluency 352 
separately from other studies. The summary of findings below therefore combines across task 353 
foci, and is organised according to outcome measures (power, coherence; other), and the 354 
main contrasts employed: i) visual creativity vs. baseline rest/fixation; ii) visual creativity vs. 355 
non-rest control task(s); iii) individuals of high vs. lower creativity; iv) generation of original 356 
vs. standard visual images. 357 
 358 
3.3.2. Findings - EEG power 359 
Figure 3 summarises the numbers of studies where a substantial majority of significant 360 
effects on EEG power across electrodes were a) increases, b) decreases (hereafter, 361 
‗predominant power increases‘ and ‗predominant power decreases‘, respectively), and c)  362 





< Figure 3 about here > 364 
where null effects or no clear pattern of power increases or decreases emerged. These 365 
outcomes are summarised for each of the main contrast types (Section 3.3.1.). 366 
3.3.2.1. Visual creativity vs. baseline 367 
In the low frequency delta and theta bands and the lower and upper alpha bands, a 368 
consistent pattern of decreases in EEG power during visual creativity compared to baseline 369 
fixation or rest – task-related desynchronisation (TRD) emerged across studies (Jaarsveld et 370 
al., 2015; Jausovec and Jausovec, 2000; Petsche et al., 1997; Volf et al., 2010a; Volf and 371 
Tarasova, 2010; 2014). Predominant increases in power vs. baseline, task-related 372 
synchronisation (TRS), were observed in the high frequency beta and gamma bands (Molle et 373 
al., 1999; Nagornova, 2007; Razumnikova et al., 2009; 2010; Sviderskaya, 2011a; Volf and 374 
Tarasova, 2010). These TRD and TRS effects were typically widespread over multiple 375 
electrode sites, including bilateral frontal, central and occipital sites. Two studies however 376 
reported that alpha (Volf et al., 2010a) and theta (Volf and Tarasova, 2010) TRD during 377 
visual creativity vs. baseline was of greater magnitude at posterior compared to anterior sites. 378 
Consistent with greater posterior effects, Molle et al. (1999) reported task-related increases in 379 
beta power at parieto-occipital sites only. 380 
 381 




3.3.2.2. Visual creativity vs. control 382 
Several studies compared activity during visual creativity to that during verbal creativity 383 
(Jausovec and Jausovec, 2000; Razumnikova et al., 2009; 2010), or during verbal and/or 384 
visual convergent problem solving or memory tasks (Molle et al., 1999; Nagornova, 2007). 385 
Molle et al. (1999) observed reduced delta and theta power for divergent compared to 386 
convergent thinking tasks, as well as increased upper beta power over central parietal sites, 387 
these effects did not differ according to the modality (visual, verbal) of divergent and 388 
convergent tasks. Other findings point to greater task-related power reductions in the theta 389 
(Razumnikova et al., 2009) and lower and upper alpha bands (Jausovec and Jausovec, 2000) 390 
for visual compared to verbal creative tasks. The latter reductions in upper alpha power were 391 
observed over occipital and left frontal sites only.  392 
Consistent with Molle et al.‘s (1999) findings of increased upper beta power during visual 393 
and verbal creativity, Nagornova (2007) observed greater power in the upper beta band, and 394 
in the lower and upper alpha and gamma bands when comparing visual creativity to drawing 395 
figures from memory. Razumnikova et al. (2010) also reported creativity-related upper beta 396 
power increases, but these increases were reduced in magnitude for visual compared to verbal 397 
tasks. Molle et al. (1999) and Razumnikova et al. (2009) did not reveal significant power 398 
differences between visual creative and control tasks in the alpha and beta bands, respectively 399 
(Figure 3). 400 
Two studies compared generation of original and standard solutions to visual creative 401 
tasks. Volf and Tarasova (2014) found that under conditions of reward for producing original 402 




solutions, baseline and task-related theta power were reduced and baseline alpha power 403 
increased, compared to conditions of no reward. That these effects were observed at baseline 404 
and during task performance is consistent with a role of preparatory processes when a reward 405 
is offered. Reward was also associated with reduced theta and beta power during task 406 
performance only. Razumnikova et al. (2009) found that alpha TRD vs. baseline was of lesser 407 
magnitude under instructions to produce original solutions to the TTCT-IF. 408 
3.3.2.3. Comparisons of high and lower creativity participants 409 
In the alpha band, greater power (Jausovec, 2000; Sviderskaya et al., 2006), or reduced 410 
alpha TRD vs. baseline (Petsche et al., 1997) was observed for artists compared to novices or 411 
for participants of high compared to lower visual creativity, as measured by originality 412 
ratings of generated solutions. Volf et al. (2010a) reported opposite effects of creative ability 413 
in male and female participants. In males, high creativity (based on originality scores) was 414 
associated with greater upper alpha TRD compared to lower creativity participants, while 415 
females of lower creativity showed greater TRD compared to high creativity females. A 416 
tendency for greater TRD in posterior compared to anterior sites was also reported – in men, 417 
this was exhibited by high creativity individuals only in the lower and upper alpha bands. 418 
However as Volf et al. (2010a) divided participants based on median splits of originality 419 
scores performed separately for males and females, it is unclear if originality scores were 420 
comparable between high and lower creativity men and women, and so differential effects of 421 
creativity in each group must be interpreted with caution. 422 




In the theta and beta bands, Sviderskaya et al. (2006) observed greater power for art 423 
students compared to novices. These beta effects contrast with those of Molle et al. (1999), 424 
who reported greater beta power for individuals of lower compared to high creativity. 425 
3.3.2.4. Trends across contrast types 426 
After collapsing across the above contrast types, the percentage of studies reporting 427 
predominant power increases, decreases or no clear effects differed across the delta, theta, 428 
alpha and beta frequency bands (p = .016, Fisher‘s Exact Test). As only two studies reported 429 
gamma effects, these were excluded from this test, and the test collapsed across the lower and 430 
upper alpha bands, and, separately, the lower and upper beta bands due to similar patterns in 431 
each. The observed effect reflected the observation that decreased power during visual 432 
creativity (vs. baseline; vs. control; original vs. standard solutions; high vs. low creativity 433 
participants) was reported in the majority of studies examining effects in the delta (75%), 434 
theta (77.8%) and alpha (58.8%) bands, whereas in the beta band, most studies instead 435 
reported increased power (62.5%).  436 
As specific predictions have been made regarding the role of the alpha band in creativity 437 
(see Introduction), we assessed whether the percentage of studies reporting predominant 438 
alpha increases, decreases, or neither differed according to the contrast type. For  the lower 439 
and upper alpha bands, the distribution of outcomes differed across contrasts (ps < .001, 440 
Fisher‘s Exact Test) – 100% of studies examining lower and upper alpha power during visual 441 
creativity vs. baseline reported power reductions, while 75% of studies comparing high and 442 
lower creativity individuals instead reported greater power in the former group. 443 




3.3.3. Findings - EEG coherence 444 
The numbers of studies showing predominant coherence increases, decreases, or no clear 445 
pattern for the main contrast types are displayed in Figure 4. 446 
3.3.3.1. Visual creativity vs. baseline 447 
For the low frequency delta and theta bands, a tendency towards widespread inter- and 448 
intra-hemispheric coherence increases during visual creativity compared to baseline emerged 449 
(Bechtereva and Nagornova, 2007; Bhattacharya and Petsche, 2005; Kozhedub et al., 2007; 450 
Petsche, 1996; Razumnikova et al., 2009; Sviderskaya et al., 2011b). Petsche (1996) also 451 
noted some decreases in delta and theta frontal inter-hemispheric coherence. Volf et al. 452 
(2010b) noted predominant increases in theta coherence in participants of high visual 453 
creativity, while lower creativity participants showed predominant theta coherence decreases. 454 
Findings were less consistent in the alpha range. For lower and upper alpha, roughly equal 455 
numbers of studies reported predominant coherence increases (Petsche, 1996; Sviderskaya, 456 
2011a), decreases (Bechtereva and Nagornova, 2007; Kozhedub et al., 2007), and no clear 457 
pattern of coherence changes (Bhattacharya and Petsche, 2005; Razumnikova et al., 2009; see 458 
Figure 4). Despite these inconsistencies, the foci of both inter- and intra-hemispheric 459 
coherence increases and decreases were often at frontal sites, including long range intra- and 460 
inter-hemispheric coherence increases with frontal foci (Petsche et al., 1997; Sviderskaya, 461 
2011a), and frontal inter-hemispheric decreases and increases (Petsche et al., 1997). 462 
Kozhedub et al. (2007) found that task-related changes in coherence vs. baseline  463 
< Figure 4 about here > 464 




were correlated between right frontal and right parietal sites. Volf et al. (2010b) reported 465 
predominant task-related lower alpha coherence increases for high creativity participants and 466 
decreases for lower creativity participants, indicating that individual differences in creativity 467 
or strategy use, in addition to task differences contribute to discrepancies between studies. 468 
Across both high and lower creativity groups however, task-related upper alpha coherence 469 
decreases were observed (Volf et al., 2010b). 470 
Findings were again mixed for the lower beta range, with both predominant coherence 471 
increases (Bhattacharya and Petsche, 2005; Petsche, 1996; Sviderskaya, 2011a) and decreases 472 
(Bechtereva and Nagornova, 2007; Kozhedub et al., 2007), as well as findings of no clear 473 
pattern (Razumnikova et al., 2009; Volf et al., 2010b). The picture for upper beta was slightly 474 
clearer, with predominant coherence increases reported by six of nine studies (Bhattacharya 475 
and Petsche, 2005; Kozhedub et al., 2007; Petsche, 1996; Razumnikova et al., 2009; 2010; 476 
Sviderskaya, 2011a). Although Razumnikova et al. (2010) observed predominant coherence 477 
increases, some inter-hemispheric frontal coherence decreases were also reported. Two of the 478 
three studies examining gamma coherence vs. baseline reported predominant increases 479 
(Bhattacharya and Petsche, 2005; Petsche, 1996; cf. Bechtereva and Nagornova, 2007).  480 
 481 
3.3.3.2. Visual creativity vs. control 482 
Sviderskaya (2011b) reported overall increases in delta and alpha coherence during visual 483 
creativity compared to a visual convergent thinking task. Bechtereva and Nagornova (2007) 484 
reported greater theta and alpha coherence during generation of original images from simple 485 




elements compared to generating images from memory. These effects differences consisted 486 
of widespread inter- and intra-hemispheric increases, with foci at right frontal and, for alpha 487 
coherence, left parietal sites. Jausovec and Jausovec (2000) in contrast reported decreased 488 
alpha coherence during the TTCT-IF compared to verbal creativity tasks. In the upper alpha 489 
band these decreases were prominent between right frontal and bilateral parietal sites, 490 
although inter-hemispheric coherence increases were also observed between frontal sites. For 491 
the beta and gamma band, Bechtereva and Nagornova (2007) observed primarily left intra-492 
hemispheric coherence increases, with left temporal foci, alongside marked short and long-493 
range inter-hemispheric coherence reductions. 494 
In comparisons of visual vs. verbal creative tasks, Razumnikova et al. (2009) reported 495 
increased theta coherence during the TTCT-IF compared to a sentence generation task, while 496 
Razumnikova et al. (2010) observed greater upper beta coherence over frontal sites during the 497 
verbal Remote Associates Task compared to the TTCT-IF. During the TTCT-IF, 498 
Razumnikova et al. (2009) reported increased upper beta coherence when generating original 499 
compared to standard figures. This was largely driven by right hemisphere intra-hemispheric 500 
increases in female participants. 501 
3.3.3.3. Comparisons of high and low creativity participants  502 
Both studies examining effects of creative ability on delta coherence during visual 503 
creativity vs. baseline reported greater coherence in high compared to lower creativity 504 
individuals (Bhattacharya and Petsche, 2005; Sviderskaya et al., 2006). Bhattacharya and 505 
Petsche (2005) found that these coherence differences were focussed on posterior occipito-506 




temporal sites, and took the form of inter- and intra-hemispheric connections. A similar 507 
pattern of greater coherence in high vs. lower creativity participants emerged in the theta 508 
band (Volf et al., 2010b; Sviderskaya et al., 2006), although Bhattacharya and Petsche (2005) 509 
reported no clear difference between groups in theta coherence.  510 
For the lower alpha band, three out of four studies reported greater coherence in creative 511 
individuals (Jausovec, 2000; Sviderskaya et al., 2006; Volf et al., 2010b; cf. Bhattacharya and 512 
Petsche, 2005). Jausovec (2000) observed greater inter-hemispheric frontal coherence in high 513 
creativity participants, who also showed coherence increases vs. baseline between bilateral 514 
frontal and midline parietal sites. Volf et al. (2010b) observed greater intra-hemispheric 515 
coherence in high vs. low creativity participants due to the tendency of the former group to 516 
show increased intra-hemispheric coherence vs. baseline, while the latter showed reduced 517 
task-related coherence vs. baseline. 518 
The picture was less consistent for the higher frequency ranges. For upper alpha, there 519 
were two reports of greater coherence in high vs. lower creativity participants (Sviderskaya et 520 
al., 2006; Volf et al., 2010b), one of reduced coherence (Jausovec, 2000) and Petsche et al. 521 
(1997) reported no differences between groups. Bhattacharya and Petsche (2005) reported 522 
overall coherence reductions at frontal sites in artists vs. novices across the alpha band. 523 
Sviderskaya et al. (2006) and Bhattacharya and Petsche (2005) reported increased 524 
coherence in high compared to lower creativity participants across the beta range, although in 525 
the latter study this effect was restricted to right temporal sites, and reduced beta coherence 526 
was observed in artists vs. novices over frontal sites. This study also provided the only 527 




examination of creative ability effects on gamma coherence, reporting reduced coherence 528 
over frontal sites in artists vs. novices.  529 
Sviderskaya (2011a) and Sviderskaya et al. (2006) examined effects of creative ability on 530 
spatial synchronisation (SS) and/or spatial disordering (SD), measures of coherence based 531 
on linear and nonlinear relationships, respectively. Both found that artists compared to 532 
novices showed greater task-related increases in coherence vs. baseline, particularly over 533 
right frontal and occipital sites. 534 
3.3.3.4. Trends across contrasts 535 
Collapsing across the four main contrast types, the percentages of studies reporting mainly 536 
coherence increases, decreases or neither did not differ according to frequency band (p = .35, 537 
Fisher‘s Exact Test). There was no consistent trend towards coherence increases or decreases 538 
in any frequency band, aside from the delta band where 80% of studies reported increased 539 
coherence during visual creativity.  540 
Visual creativity-related effects on alpha coherence did not differ according to the contrast 541 
employed, for the lower or upper alpha band (p = .75; p = .86, Fisher‘s Exact Test).  542 
3.3.4. Hemispheric lateralisation 543 
No clear pattern of laterality of power or coherence effects emerged. Most studies 544 
examining EEG power effects reported bilateral effects, but Volf et al. (2010a) found that 545 
upper alpha TRD was greater at right temporal compared to left temporal sites. In contrast, 546 




Volf and Tarasova (2010) reported greater theta TRD in the left compared to the right 547 
hemisphere. 548 
Bhattacharya and Petsche (2005) reported greater task-related coherence increases in the 549 
right compared to the left hemisphere for the theta, alpha, beta and gamma bands. For the 550 
measure of phase synchrony, this asymmetry was significant in artists but not novices, 551 
although an interaction of group with asymmetry was not directly assessed. Similarly, 552 
Razumnikova et al. (2009) reported greater intra-hemispheric coherence in the right 553 
hemisphere for the lower theta, lower alpha and upper beta bands. Contrasting with these 554 
findings however, Kozhedub et al. (2007) reported a greater number of alpha coherence 555 
decreases vs. baseline in the left compared to the right hemisphere.  556 
4. Discussion 557 
4.1. Overview of fMRI findings  558 
Significant clusters revealed in the fMRI ALE meta-analysis were in thalamus, right middle 559 
frontal, precentral and inferior frontal gyri, left fusiform gyrus, left angular gyrus, and left 560 
cingulate gyrus. The ALE cluster in left fusiform gyrus, along with reported involvement in 561 
several studies of further bilateral occipito-temporal regions (e.g., inferior temporal gyrus, 562 
lateral occipital cortex) is consistent with predictions that visual creativity compared to 563 
control tasks is associated with greater visual processing, including visual imagery (e.g., 564 
Kosslyn and Thompson, 2003). 565 




A recent meta-analysis (Boccia et al., 2015) examined fMRI activity across studies of 566 
visuo-spatial creativity. This analysis however included only three of the six fMRI studies 567 
included here (Aziz-Zadeh et al., 2013; Ellamil et al., 2012; Huang et al., 2013), and included 568 
foci for Kowatari et al.‘s (2008) pen design vs. fixation contrast despite the lack of significant 569 
visual design vs. control task differences (see Section 3.2.2.). Boccia et al. (2015) also 570 
included a study reporting coordinates during a task involving visual perception rather than 571 
active generation of visually creative solutions (Asari et al., 2008). Despite inclusion here of 572 
additional studies (Gilbert et al., 2010; Park et al., 2015; Saggar et al., 2015), and stricter 573 
inclusion criteria, both meta-analyses reported similar findings. Boccia et al. (2015) reported 574 
ALE clusters in bilateral thalamus, right middle (BA 6) and inferior (BA 9) frontal gyri that 575 
were in close proximity to regions reported in the current ALE meta-analysis. The 576 
convergence between both meta-analyses on similar regions of thalamus and right PFC 577 
provides additional support for the involvement of these or similar regions in visual 578 
creativity. Further supporting this, Gonen-Yaacovi et al.‘s (2013) meta-analysis of fMRI 579 
studies of non-verbal creativity (including both musical and visual creativity) revealed 580 
significant ALE clusters in similar, but non-overlapping, regions of right middle and inferior 581 
frontal gyri, left cingulate and thalamus. 582 
4.2. Overview of EEG findings 583 
Where visual creative tasks were compared against baseline fixation, the theta and lower 584 
and upper alpha frequency bands consistently showed reduced power, while higher frequency 585 
beta and gamma bands typically showed increased power relative to baseline. The theta band 586 
typically shows increased power with increasing task demands (Klimesch, 1996; 1999). The 587 




studies reporting theta TRD (Razumnikova et al., 2009; Sviderskaya, 2011a; Volf and 588 
Tarasova, 2010) did not fully explain procedures for collecting baseline data (see Table S1; 589 
Section 4.5.), and so it is possible that this result is due to lengthy baseline rest periods 590 
resulting in high levels of cognitive activity and thus theta power at baseline (Fink & 591 
Benedek, 2014). The findings of alpha TRD are consistent with a role of semantic and 592 
attentional processes during visual creativity (Klimesch, 2012). Increased beta power is 593 
indicative of increased alertness and active concentration during visual creativity (e.g., Gola 594 
et al., 2012; Klimesch, 1999). Such findings relative to fixation are however uninformative as 595 
to the neural mechanisms specific to visual creativity, as such changes may be observed in 596 
any task requiring greater cognitive resources than fixation.  597 
Despite this, relatively few EEG studies directly compared activity during visual creativity 598 
and during appropriate control tasks, and those that did revealed largely inconsistent and 599 
contradictory findings in the alpha and beta bands. A contributing factor in these 600 
inconsistencies is likely the wide variety of control tasks employed, including reading, picture 601 
viewing, and generation of essays. The small number of studies that examined such effects in 602 
the delta and theta bands showed decreased power during visual creativity compared to 603 
control tasks, and equivalent comparisons revealed increased gamma power – the direction of 604 
these effects are consistent with the task vs. baseline findings. Comparisons of participants of 605 
high and lower creative ability revealed a consistent pattern of increased alpha power in the 606 
former group, although no clear pattern emerged for the remaining frequency bands. There 607 
was a tendency across studies for association of visual creativity with greater coherence in the 608 
theta, alpha, beta and gamma bands compared to visual or verbal control tasks; and in high 609 




compared to lower creativity participants. This is indicative of increased functional 610 
connectivity during visual creativity, and in individuals of higher visual creativity ability 611 
(Fingelkurts et al., 2005; Thatcher et al., 1986). 612 
 613 
4.3. Interpretation of findings in relation to accounts of the neural basis of creativity 614 
4.3.1. Prefrontal cortex functions 615 
The proposed contribution of PFC functions to creativity has received consistent support 616 
from neuroimaging studies to date (e.g., Dietrich, 2004; Dietrich and Kanso, 2010; Gonen-617 
Yaacovi et al., 2013). Accounts of creative cognition have proposed a role of PFC-mediated 618 
executive functions in creative idea generation, including updating of working memory, 619 
inhibition of irrelevant ideas, monitoring and selection of generated solutions (Dietrich, 2004; 620 
Mumford et al., 2012). Previous reviews have reported involvement of bilateral inferior PFC, 621 
DLPFC and MFG during a variety of visual and verbal creative tasks, although the precise 622 
PFC regions engaged differ according to task-specific factors (Arden et al., 2010; Dietrich 623 
and Kanso, 2010; Gonen-Yaacovi et al., 2013). Effects relating to EEG coherence and power 624 
differences between verbal, visual and musical creative and control tasks have often been 625 
observed to be focussed on frontal sites (see Dietrich and Kanso, 2010; Fink and Neubauer, 626 
2006;  Jausovec and Jausovec, 2000; Petsche et al., 1997). 627 
A contribution of PFC functions to visual creativity was supported in the current review. 628 
The ALE meta-analysis revealed clusters in right MFG (BA 6/24) and IFG (BA 13/45), right 629 
precentral gyrus and a left cingulate region extending into left medial PFC. The right IFG and 630 




MFG regions are consistent with recent meta-analyses (Gonen-Yaacovi et al., 2013; Boccia et 631 
al., 2015) supporting a role of these regions in non-verbal/visuo-spatial creativity (Section 632 
4.1.) – overlap was in fact observed between the right precentral cluster (BA 6), which 633 
extended into IFG, and Boccia et al.‘s (2015) IFG (BA 9) cluster. The peak coordinates of the 634 
right middle frontal gyrus region (BA 6) revealed in the current meta-analysis are identical to 635 
peak coordinates from Owen et al.‘s (2005) meta-analysis of n-back working memory tasks, 636 
consistent with the proposed role of working memory, including the maintenance and 637 
manipulation of relevant information, in visual creativity (Oberauer et al., 2008). Similar 638 
right frontal regions to those revealed here have also been implicated in the suppression of 639 
unwanted or task-irrelevant memories (Anderson et al., 2004; BA 6/13), which may engage 640 
similar mechanisms to the inhibition of irrelevant ideas in visual creativity.  641 
Qualitative synthesis of all seven fMRI studies revealed PFC activity in left IFG (BA 642 
44/45/47/11), left MFG (BA 6/9), including DLPFC (BA 46), and left SFG (BA 6/8), regions 643 
which were in close proximity to those reported in Gonen-Yaacovi et al.‘s (2013) meta-644 
analysis of 34 fMRI studies showing greater activity during non-verbal vs. verbal creativity 645 
(e.g., left SFG: BA 6; left DLPFC: BA 46). Left DLPFC has been repeatedly associated with 646 
monitoring, inhibition, and selection and evaluation of solutions (e.g., Herd et al., 2006; 647 
Wagner et al., 2001), and engagement of this region in the current meta-analysis is consistent 648 
with the involvement of similar processes in the generation of visual creative solutions 649 
(Basadur et al., 1982; Mumford et al., 2012). An evaluative role of left DLPFC is supported 650 
by Ellamil et al.‘s (2012) findings of greater activity in this region during the evaluation 651 
compared to generation phase of their book cover design task.  652 




The reviewed EEG studies did not employ source localisation, but the observation that 653 
visual creativity-related coherence changes were often focussed on frontal sites is again 654 
consistent with a contribution of frontal lobe functions (Dietrich, 2004). Foci of alpha and 655 
beta coherence increases included frontal sites in most studies examining this outcome 656 
(Bechtereva and Nagornova, 2007; Bhattacharya and Petsche, 2005; Jausovec and Jausovec, 657 
2000; Sviderskaya et al., 2011b), indicative of increased functional connectivity between 658 
frontal regions and further cortical sites (Thatcher et al., 1986). This may involve top-down 659 
modulation of downstream processes including perceptual, mnemonic or attentive processes 660 
(e.g., Gazzaley et al., 2007). Petsche (1996) and Petsche et al. (1997) reported reduced inter-661 
hemispheric frontal alpha coherence during visual creativity, interpreting this as increased 662 
independence of left and right PFC functions. Some studies also reported that task-related 663 
power increases or decreases were particularly evident at frontal sites (Jaarsveld et al., 2015; 664 
Jausovec and Jausovec, 2000). Further behavioural and neuroimaging studies including EEG 665 
studies employing source localisation in addition to appropriate control tasks are necessary to 666 
establish the subregions of PFC and associated cognitive processes contributing to visual 667 
creativity. 668 
 669 
4.3.2. Hemispheric lateralisation 670 
Mihov et al.‘s (2010) meta-analysis of EEG and fMRI studies of creativity reported right 671 
hemispheric dominance in visual and verbal creativity This however contrasts with other 672 
reviews and meta-analyses (Dietrich and Kanso, 2010; Gonen-Yaacovi et al., 2013; Wu et al., 673 




2015) which reported no evidence of lateralisation of creativity. Here, the ALE meta-analysis 674 
of fMRI studies revealed activity in a number of bilateral PFC, inferior-temporal, parietal and 675 
subcortical regions. The PFC regions were primarily in the right hemisphere, with only the 676 
left cingulate cluster encompassing parts of left medial PFC. This contrasts with the 677 
qualitative findings, where more studies reported left (6/7) compared to right PFC (3/7) 678 
engagement. Together these findings are indicative of greater consistency across studies and 679 
across tasks in the right PFC regions contributing to visual creativity, whereas left PFC 680 
regions, while commonly engaged, appear to vary according to task-specific factors.  681 
The apparent contribution of right PFC is consistent with Goel‘s (2014) Frontal Lobe 682 
Lateralisation Hypothesis, which proposes that the right PFC, particularly DLPFC, supports 683 
ill-structured representations that facilitate the open-ended problem solving which is involved 684 
in visual design. Further studies directly assessing effects of hemisphere are however 685 
necessary to test the notion that right PFC regions (MFG, IFG) contribute to a greater extent 686 
to visual creativity than the corresponding left hemisphere regions. Two reviewed fMRI 687 
studies attempted comparison of effects in corresponding left and right PFC regions (Huang 688 
et al., 2013; Kowatari et al., 2009), but as they did not examine Hemisphere*Task/Group 689 
interactions, they fall short of providing direct evidence of lateralisation (Section 3.2.3.).   690 
Of the 20 reviewed EEG experiments, only a minority reported effects of hemisphere 691 
(Section 3.3.4.). Bhattacharya and Petsche (2005) observed greater task-related coherence 692 
increases in the theta, alpha and beta bands in the right compared to the left hemisphere but 693 
Kozhedub et al. (2007) in contrast reported greater probability of task-related changes in 694 
alpha coherence in the left compared to right hemisphere. In the majority of EEG studies, 695 




visual creativity-related effects on power and coherence were largely bilateral, with no 696 
evidence of hemispheric dominance. No evidence was revealed of the alpha power 697 
asymmetry effects that have been associated with positive vs. negative affect (Davidson, 698 
1992) or response inhibition (Wacker et al., 2010). In addition, the above studies reporting 699 
hemispheric effects did not assess whether these effects remained when comparing visual 700 
creativity to matched control tasks, and so it is unclear whether such effects are specific to 701 
visual creativity.  702 
Taken together, the findings of the current review do not provide support for theories of 703 
hemispheric lateralisation of visual creativity.  704 
 705 
4.3.3. Role of semantic and episodic memory processes 706 
A number of the left-lateralised regions identified in visual creativity contrasts in the 707 
reviewed fMRI studies have been implicated in semantic retrieval. A meta-analysis of 120 708 
functional neuroimaging studies (Binder et al., 2009) found left MFG, SFG and IFG and left 709 
inferior parietal lobe to be involved in semantic processing, regions which showed greater 710 
activity during visual creativity compared to control tasks in several of the reviewed fMRI 711 
studies (Aziz-Zadeh et al., 2013; Ellamil et al., 2012; Huang et al., 2013; Park et al., 2015; 712 
Saggar et al., 2015). Left IFG, particularly pars orbitalis, has been consistently associated 713 
with semantic processing and retrieval (Binder et al., 2009; Liakakis et al., 2011), and 714 
supports controlled access to conceptual representations (Badre et al., 2005). This region 715 
showed greater activity during visual creativity compared to control tasks in several studies 716 




(Aziz-Zadeh et al., 2013; Ellamil et al., 2012; Huang et al., 2013; Saggar et al., 2015), but 717 
was not identified in the ALE meta-analysis. Activity during visual creativity in regions 718 
which have been linked to semantic processing does not directly support a role of the latter in 719 
visual creativity (Poldrack, 2006), but such a role is consistent with proposals that semantic 720 
retrieval and association are core components of creative ideation (Abraham and Bubic, 721 
2015; Beaty et al., 2014; Mednick, 1962; Mumford et al., 2012).  722 
Decreased EEG alpha power over frontal sites, particularly in the upper alpha band (~10-723 
14 Hz) has been linked to semantic processing (Doppelmayr et al., 2002; Klimesch et al., 724 
1993; 2007; Klimesch, 1999). Consistent with a role of semantic memory in visual creativity, 725 
widespread upper alpha power reductions which included frontal regions were observed in 726 
several studies compared to baseline (e.g., Molle et al., 1999; Nagornova, 2007; Petsche et 727 
al., 1997) and/or compared to control task performance (Jaarsveld et al., 2015; Jausovec and 728 
Jausovec, 2000). Upper alpha reductions were prominent over frontal sites in the latter two 729 
studies. For the critical contrast of visual creativity vs. control tasks however, this pattern was 730 
far from consistent across studies. 731 
Episodic memory, memory for personally experienced events bound with context 732 
(Tulving, 1983) is thought to facilitate generation of creative ideas through a constructive 733 
process involving elements of previously experienced events (Benedek et al., 2014; Runco 734 
and Chand, 1995). Consistent with this, two of the reviewed fMRI studies of visual creative 735 
ideation (Ellamil et al., 2012; Park et al., 2015), in addition to studies of verbal creative 736 
ideation (e.g., Fink et al., 2009) reported greater activity during creative tasks in the 737 
hippocampus and parahippocampal cortex, regions strongly associated with mnemonic 738 




processing (e.g., Dickerson and Eichenbaum, 2010). The mediodorsal thalamic nucleus 739 
region revealed in the fMRI meta-analysis has also been linked to recollection and familiarity 740 
in episodic memory (Zola-Morgan and Squire, 1993; Zoppelt et al., 2003), and is thought to 741 
relay inputs to and from hippocampal and prefrontal memory processing regions 742 
(Markowitsch, 1982; Xu and Sudhof, 2013).  743 
4.3.4. Visual imagery and visual processing 744 
ALE meta-analysis revealed activity for the contrast of visual creativity vs. control tasks in 745 
the left fusiform gyrus. The majority (5/7) of the reviewed fMRI studies reported greater 746 
activity during visual creativity compared to control tasks in this and further occipito-747 
temporal regions, including lateral and middle occipital cortex, and middle and inferior 748 
temporal gyri (Aziz-Zadeh et al., 2013; Ellamil et al., 2012; Huang et al., 2013; Park et al., 749 
2015; Saggar et al., 2015). These findings are consistent with a greater role of processing of 750 
visual information during visual creativity. As the idea generation phase of each fMRI study 751 
involved visual input, whether verbal instructions (Gilbert et al., 2010; Saggar et al., 2015), 752 
images/image fragments (Aziz-Zadeh et al., 2013; Huang et al., 2013; Kowatari et al., 2009) 753 
or sketches drawn by the participant (Ellamil et al., 2012), this activity may simply reflect 754 
perceptual and conceptual processing of visual input (Cowell et al., 2010; Tyler et al., 2013). 755 
However a further, not mutually exclusive possibility is that greater visual cortical activation 756 
is associated with greater engagement of visual imagery processes. Visual imagery engages 757 
many of the same or highly similar regions of occipito-temporal cortex as visual perception, 758 
including bilateral inferior and middle temporal gyri and middle occipital cortex (Ganis et al., 759 
2004; Ishai et al., 2002), regions that were identified in several of the reviewed fMRI studies.  760 




The left fusiform gyrus region revealed in the meta-analysis has been repeatedly linked to 761 
visual imagery (Ganis et al., 2004; Kosslyn and Thompson, 2003). Consistent with 762 
suggestions that visual creativity, in particular visual design, engages manipulation of visual 763 
imagery, fMRI meta-analyses have found overlapping left fusiform gyrus regions to be 764 
engaged in mental rotation (Tomasino and Gremese, 2015; Zacks, 2008). An overlapping 765 
region has also been implicated in retrieval of the semantic representations required to 766 
support visual imagery (Kan et al., 2003). The left lateralisation of the observed fusiform 767 
activity is consistent with studies reporting that visual imagery predominantly engages the 768 
left hemisphere (D‘Esposito et al., 1997; Sack et al., 2005), but as none of the reviewed 769 
studies formally compared effects in corresponding regions of left and right hemispheres, this 770 
account is not directly supported.  771 
Several of the reviewed EEG studies reported that visual creativity-related effects on 772 
power were larger or more significant over occipital compared to more anterior electrode 773 
sites, again consistent with a role of visual processing (e.g., Molle et al., 1999; Sviderskaya, 774 
2011a; Sviderskaya et al., 2006; Volf et al., 2010a). Previous findings of reduced EEG power 775 
over occipito-parietal sites during visual imagery (Marks and Isaac, 1995; Salenius et al., 776 
1995) were echoed by Jausovec and Jausovec (2000) who observed reduced lower and upper 777 
alpha power over occipital and left frontal sites only.  778 
 Task-related coherence changes were often manifested by long-range delta, alpha and 779 
beta intra-hemispheric coherence increases between frontal and posterior occipital sites, 780 
indicative of increased functional connectivity between these regions during visual creativity 781 
(Petsche, 1996; Sviderskaya, 2011b; Volf et al., 2010a). The apparent increases in frontal-782 




posterior connectivity may reflect top-down modulation of generation and manipulation of 783 
mental visual images (Mechelli et al., 2004).  784 
 785 
4.3.5. Alpha frequency 786 
Reduced task-related alpha power (TRD), is thought to reflect increased cortical 787 
activation. Alpha suppression over frontal sites, particularly in the upper alpha band (~10-14 788 
Hz) (Doppelmayr et al., 2002; Klimesch, 1999) has been associated with semantic processing 789 
(Klimesch et al., 1993; 2007), while lower alpha TRD has been associated with attentional 790 
processes (Klimesch et al., 2007; Section 3.3.1.). Despite earlier conceptions of increased 791 
alpha power as ‗cortical idling‘ (Pfurtscheller et al., 1996), it is now widely believed that 792 
alpha task-related synchronisation (TRS) reflects active processes including inhibition of 793 
task-irrelevant processes, or internal processing demands (Fink & Benedek, 2014; Klimesch, 794 
1999; 2012; Klimesch et al., 2007). This inhibitory control  may contribute to creative task 795 
performance (e.g., Fink and Benedek, 2014; Grabner et al., 2007; Klimesch et al., 2006; 796 
Sauseng et al., 2005). During both visual and verbal divergent thinking tasks, both increased 797 
(e.g., Fink et al., 2006; Nagornova, 2007) and decreased (Jausovec and Jausovec, 2000; 798 
Razumnikova et al., 2009) alpha power has been reported. Dietrich and Kanso‘s (2010) 799 
systematic review of neuroimaging studies of creativity reported no clear pattern of alpha 800 
increases or decreases, either across verbal and visual divergent thinking studies, or across 801 
artistic and musical creativity studies. This echoes the current review, where in the few cases 802 
where EEG power during visual creativity tasks was directly compared with non-rest control 803 
tasks, no clear pattern of increases or decreases in alpha power emerged. This suggests that 804 




depending on specific task demands or strategies, both semantic and attentional processing 805 
(TRD) and inhibitory processes (TRS) may be involved in visual creativity.  806 
When visual creative tasks were compared to baseline fixation, a consistent pattern of 807 
lower and upper alpha power decreases was observed. This is consistent with greater cortical 808 
activation, and greater semantic and attentional processing during visual creativity vs. 809 
fixation (e.g., Klimesch, 2012). Power changes vs. baseline however provide a limited 810 
contribution to understanding of the neural basis of visual creativity, as they do not inform as 811 
to whether this response is specific to visual creativity (Arden et al., 2010) – similar patterns 812 
may emerge in response to any number of other tasks that are more cognitively demanding 813 
than fixation. Reduced alpha power compared to baseline has for example been elicited 814 
during working memory (Stipacek et al., 2003), recognition (Dujardin et al., 1993), and 815 
visual classification (Pfurtscheller and Klimesch, 1990). Such findings along with early 816 
reports of reduced alpha power simply when eyes are open compared to closed (e.g., 817 
Klimesch, 1999) have consolidated the view that alpha suppression reflects cortical 818 
activation. Fink and colleagues have however consistently observed alpha power increases 819 
during verbal creative ideation (e.g., Fink et al., 2006; Fink and Neubauer, 2006), and a 820 
selective review by Fink and Benedek, (2014) reported overall support for a role of alpha 821 
TRS in creative ideation. The majority of the evidence reported by Fink and Benedek (2014) 822 
however also referred to studies of verbal ideation, and so these contradictory findings could 823 
be reconciled if inhibitory processes, manifested by alpha TRS, are more often engaged 824 
during verbal compared to visual creativity, the latter involving greater semantic and 825 
attentional processing.    826 




Three out of four studies comparing alpha power in participants of high and lower 827 
creativity reported increased lower and upper power in the former group. However, due to the 828 
small number of studies and as these increases reflected both reduced TRD (Petsche et al., 829 
1997) and increased absolute power (without reference to baseline; Jausovec, 2000; 830 
Sviderskaya et al., 2006), it is difficult to arrive at a clear interpretation of this finding in 831 
relation to accounts of the role of alpha TRS/TRD.  Furthermore, as some studies divided 832 
participants into high and low performance groups via a median split based on originality of 833 
generated solutions, high and low creativity groups may not have demonstrated comparable 834 
creative ability across studies. 835 
A further caveat is that few studies directly compared visual creative tasks with non-rest 836 
control tasks, and of those that did, findings were inconsistent for alpha power and coherence. 837 
To form clearer conclusions on the contributions of alpha oscillations to visual creativity, a 838 
greater number of quality studies (see Sections 4.4-4.5.) employing comparable contrasts, 839 
tasks and measures are necessary. 840 
  841 
4.4. Methodological issues in reviewed studies 842 
The qualitative synthesis of EEG studies revealed relatively few consistent findings, and 843 
despite several significant clusters emerging in the ALE meta-analysis, findings of the fMRI 844 
studies also differed substantially. This lack of consistency may stem from substantial 845 
heterogeneity in the visual creative and control tasks, contrasts conducted, and outcome 846 
measures recorded (see Amabile, 1983). Even where the same creative task was employed, 847 




e.g., TTCT-IF, it was compared against a variety of control tasks, ranging from simple line 848 
tracing to more cognitively demanding visual and verbal problem solving and memory tasks. 849 
Evidence of a common neural or electrophysiological basis of visual creativity may be 850 
obscured by comparisons against tasks eliciting widely differing cognitive processes (Arden 851 
et al., 2010).  852 
Tasks also differed in their focus, with visual design tasks highlighting the functionality of 853 
generated solutions (e.g., Ellamil et al., 2012; Gilbert et al., 2010; Kowatari et al., 2009); 854 
artistic tasks emphasising aesthetics (e.g., Bhattacharya and Petsche, 2005; Petsche, 1996); 855 
and others emphasising the originality or fluency of solutions (e.g., Kozhedub et al., 2007; 856 
Volf et al., 2010a). Greater consistencies in the neural or electrophysiological correlates of 857 
visual creativity may be detectable by subdividing studies according to these goal-related 858 
factors, i.e., tasks requiring generation of solutions that are a) functional, b) aesthetically 859 
pleasing, or c) original. However, heterogeneity in procedures, populations studied, contrasts 860 
conducted and outcome measures recorded meant that such subdivisions were unfeasible here 861 
due to low numbers of comparable studies within each category. 862 
A further key issue is that of the timing and duration of sampling of neural activity 863 
associated with visual creativity. Most reviewed studies recorded and averaged neural activity 864 
across the duration of the visual creativity task, but in a subset of studies (e.g., Aziz-Zadeh et 865 
al., 2013; Gilbert et al., 2010; Jaarsveld et al., 2015) participants were asked to signal when 866 
the task was complete, and activity was averaged from the start of the task until the response. 867 
Both methods are likely to capture the cognitive and neural processes involved in visual 868 
creative ideation, and likely also idea evaluation, but due to the long sampling periods 869 




(typically ~30 s) are likely also to include further cognitive processes both related and 870 
unrelated to visual creativity, e.g., comprehension of task instructions, maintenance of visual 871 
representations, default mode activity (Fink et al., 2007; Fox and Raichle, 2007), potentially 872 
reducing the signal to noise ratio and ability to detect processes specific to visual creativity 873 
(Abraham, 2013).  874 
 875 
4.5. Quality assessment 876 
Quality assessment of the reviewed studies (Section 2.2., Table S1) revealed that most did 877 
not meet all quality criteria. Many did not provide complete descriptions of participant 878 
selection and demographic information (41%), task procedure (33%), neuroimaging 879 
procedure and outcome measures (7%), and analyses and results (15%). This not only 880 
precludes replication, but also leads to difficulties in directly comparing findings across 881 
studies (Whiting et al., 2003). A further critical issue is that 37% of the 27 experiments did 882 
not conduct appropriate multiple comparisons corrections, or in the case of EEG studies, 883 
correction for violation of sphericity, limiting the reliability of reported findings.  884 
Lack of controls in 48% of experiments of factors such as task difficulty or duration 885 
between experimental and control tasks (e.g., Jausovec, 2000; Nagornova, 2007) introduced 886 
further potential confounds. In 60% of EEG studies, visual creativity was simply compared 887 
against baseline fixation/rest and not a matched non-rest control task, leading to the inability 888 
to infer whether effects are specific to visual creativity or are observed during multiple 889 
cognitive processes. Another difficulty in synthesising results across EEG studies stemmed 890 




from differences in outcome measures - several reported differences in raw measures of 891 
power, while others reported task-related power corrected for baseline power.  892 
4.6. Future directions 893 
To more clearly establish the neural basis of visual creativity, it is necessary to address the 894 
above methodological issues, and ensure the quality criteria outlined in Section 2.2. are met. 895 
It is important to introduce measures to ensure control of confounds between visual creative 896 
and control tasks (Abraham, 2013). Greater standardisation of the control tasks employed, or 897 
use of several control tasks within the same sample will better enable identification of 898 
commonalities in neural activity between studies and between visual creative tasks. In fMRI 899 
studies, examination of functional overlap between regions identified in contrasts of visual 900 
creativity against multiple appropriate control tasks would enable identification of regions 901 
that are reliably engaged in, and are specific to, visual creativity.  902 
It is also important to acknowledge that visual creativity is a composite, non-unitary 903 
construct and likely consists of multiple distinct cognitive and neural processes (Dietrich and 904 
Kanso, 2010) - a common neural basis may not be readily detectable. The mechanisms 905 
underlying visual creativity may differ according to task-specific features such as focus on a) 906 
functionality; b) originality and/or fluency; c) aesthetics, of produced visual solutions. Most 907 
studies, particularly EEG studies, have thus far employed tasks emphasising originality or 908 
fluency, and there remain insufficient comparable studies (in terms of procedures and 909 
outcome measures) within each proposed type of visual creative task for reliable comparisons 910 
across studies. As a result, quantitative and qualitative syntheses collapsed across these task 911 




divisions in the current review. The meta-analysis findings, which incorporated studies 912 
employing tasks focussing on the functionality and originality/fluency of solutions, in 913 
addition to one study with no clear task focus, however offer promising evidence that certain 914 
regions, including fusiform gyrus, thalamus and right PFC, contribute to visual creativity 915 
across multiple task foci.  916 
An aim of this review was to assess evidence for a consistent neural/electrophysiological 917 
basis of creativity when focussing on the visual domain only, and only on active generation 918 
of visual creative forms. It was hoped that this would lead to greater clarity of interpretation 919 
and consistency of findings compared to previous reviews which have sought a common 920 
neural basis across multiple domains of creativity (visual, musical, verbal) and across insight 921 
problem solving, perception/memory of existing creative forms in addition to their active 922 
generation (e.g., Dietrich & Kanso, 2010; Gonen-Yaacovi et al., 2013). However it is 923 
important to consider how findings in the visual domain relate to those from and across other 924 
domains of creativity by assessing the extent to which creative tasks exhibit shared variance 925 
in terms of cognitive and neural contributions. 926 
The current meta-analysis revealed little evidence of overlap in the cortical regions 927 
engaged compared to Boccia et al.‘s (2015) meta-analyses of musical and verbal creativity, 928 
aside from an overlapping region of left medial frontal gyrus (BA32) here and in the musical 929 
creativity meta-analysis. This may be due to lack of power in the current meta-analysis due to 930 
small numbers of studies, but also reinforces Boccia et al.‘s (2015) findings of domain-931 
specific as well as domain-general cortical contributions to creativity. However to directly 932 
contrast visual creativity with other forms of creative ideation it will be necessary for future 933 




studies to directly compare visual and non-visual creativity within the same participants. A 934 
small number of the reviewed EEG studies reported power and/or coherence effects vs. 935 
baseline of similar magnitude and in the same direction for both visual and verbal divergent 936 
thinking (Jausovec & Jausovec, 2000; Molle, 1999; Razumnikova et al., 2009; 2010). 937 
However as these findings refer to baseline contrasts, comparable effects may be observed 938 
with any number of tasks requiring cognitive effort (Section 4.3.5.). 939 
In line with Arden et al.‘s (2010) suggested psychometric approach to creativity, given 940 
suggestions that visual creativity relies on semantic, executive and visual imagery processes, 941 
these claims could be evaluated by assessing whether ability in these cognitive domains 942 
predicts visual creative ability, or neural activity elicited during visual creativity. Such 943 
associations could be compared across multiple domains of creativity and across task foci.  944 
Machine learning algorithms (see Brouwer et al., 2015; Mwangi et al., 2014 for 945 
reviews) offer promising avenues in identification and classification of EEG and fMRI 946 
features associated with visual creativity compared to control tasks, or in classification of 947 
features associated with visual creativity emphasising functionality, aesthetics and originality. 948 
In fMRI, multivariate pattern recognition algorithms may aid in identifying not only which 949 
cortical regions show involvement in visual creativity, but also which regions show evidence 950 
of representing visually generated creative ideas, and which regions differentiate between the 951 
generation of functional, aesthetic and original visual solutions (Mur et al., 2009).  952 
The inherent difficulty in temporal isolation of the processes directly relevant to 953 
creativity has been noted (Abraham, 2013), leading Fink et al. (2007) to suggest a method via 954 




which participants indicate the moment of idea generation, and the activity immediately 955 
preceding the button press is examined. The issue of selection of an arbitrary sampling 956 
duration is not fully avoided using this method, but in future studies, adoption of a common 957 
method of isolating activity associated with creative ideation will aid comparability of 958 
findings across studies. 959 
These suggestions for future research are summarised below: 960 
 Ensure greater between-study consistency in the nature of creative and control tasks 961 
employed, and adequate control of confounds between creative and control tasks 962 
 Directly examine effects of task focus (e.g., function, aesthetics, originality) on the 963 
neural basis of visual creativity 964 
 Directly contrast and compare the neural and cognitive basis of visual compared to 965 
verbal and musical creativity (Arden et al., 2010) 966 
 Capitalise on advancements in machine learning and multivariate pattern analysis 967 
techniques to identify features associated with representation of visual creative 968 
ideas 969 
 Employ standard methods across studies of isolating the time period to be 970 
examined, e.g., following Fink et al.‘s (2007) approach of examining neural activity 971 
directly preceding pressing of an ‗idea button‘ 972 
 973 




4.7. Conclusions 974 
Meta-analysis of six fMRI studies revealed, across studies, greater activity in regions of right 975 
middle and inferior frontal gyri during visual creativity compared to non-rest control tasks, 976 
and EEG power and coherence effects during visual creativity were often focussed on frontal 977 
sites. These findings are consistent with theories of creative cognition that propose an integral 978 
role of PFC functions including working memory, inhibition of task-irrelevant information, 979 
selection among competing representations, and monitoring and evaluation of solutions. 980 
Meta-analysis of fMRI studies and qualitative synthesis of fMRI and EEG studies also 981 
supported a role of occipito-temporal regions in visual creative task performance, consistent 982 
with a role of increased visual processing, including visual imagery and visual image 983 
manipulation, during visual creativity. Neither fMRI nor EEG studies provided clear support 984 
for the notion of right hemispheric dominance in visual creativity, although the meta-analysis 985 
findings demonstrated greater cross-study consistency in the right compared to left PFC 986 
regions engaged. Synthesis of the EEG studies did not provide consistent support for 987 
suggestions that either increases or decreases in alpha power contribute to visual creativity. 988 
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Figure legends 1419 
Figure 1. Flowchart of article selection, following PRISMA guidelines. Adapted from 1420 
Moher et al., 2009). fMRI = functional magnetic resonance imaging; EEG = 1421 
electroencephalography.  1422 
Figure 2. Thresholded ALE map (cluster-level threshold p < .05, cluster forming 1423 
threshold p < .001, uncorrected at the voxel-level), showing significant clusters for the 1424 
contrast of visual creativity vs. non-rest control tasks. Results are illustrated using the 1425 
‗ch256‘ template supplied with MRIcroGL software 1426 
(http://www.mccauslandcenter.sc.edu/mricrogl/). Cluster numbers correspond to those listed in 1427 
Table 3: 1)  mediodorsal thalamic nucleus; 2) right middle frontal gyrus; 3) right precentral 1428 
gyrus; 4) left fusiform gyrus; 5) left angular gyrus; 6) right inferior frontal gyrus; 7) left 1429 
cingulate gyrus. See Table 3 for MNI coordinates of maxima, cluster sizes and corresponding 1430 
ALE values.  1431 
Figure 3. Summary of the frequency (number of contrasts showing relevant effect) with 1432 
which studies reported predominant increases (↑), predominant decreases (↓), and no 1433 




clear pattern of increases or decreases (-) in power in each frequency band. Findings of 1434 
power changes during visual creativity vs. baseline are displayed in blue; power changes vs. 1435 
control tasks in red; differences between high and low creativity participants in green; and 1436 
differences between production of original vs. standard images in purple. 1437 
Figure 4. Summary of the frequency (number of contrasts showing relevant effect) with 1438 
which studies reported predominant increases (↑), predominant decreases (↓), and no 1439 
clear pattern of increases or decreases (-) in coherence in each frequency band. Findings 1440 
of coherence changes during visual creativity vs. baseline are displayed in blue; coherence 1441 
changes vs. control tasks in red; differences between high and low creativity participants in 1442 
green; and differences between production of original vs. standard images in purple. 1443 
